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J|vkilabni4r of iaiar inargy the amount of ^lar enargy 
striking a a^lrt fMt of the farth's surfaoe varlsi through^ 

tut the Unfred States. Climatic factors 'such 9$ fer^paraturjFf 
loud cDvar^ humidity, and wind affect tha way^ In wMoh 
solar systems ire usefuL For these reasons, the Contiguous 
Uhi^d States has bean divided into twelve (12),solar climatic 
zones. Table 1 and the rrjip on the iniide front covjir of this 
p'^mphtet brSil< down these lones by state, rtshould ^e.noted 
that even wjtiiin thme zones significant climatic Variations 
can occur in some at^ai. \ \ 

DtMrlptlon of Solar NMting and Watar' iystdrtia Fig- 
ure T^outline^ the basic eftmanti of a solar haatfng and hot 
water system. The systtm as shown provldts t^o basic func^ 
tions: (1) capturing the sun's radiant energy, donvertin^ It^ 
Into heat energy and storing this^ait In an insulated energy - 
storage tank; and (2) delivering tlflHored energy^as needad 

^ to elthtpthe domestic hot Water or heating system. The parts 
of the system which provide thes^lwo functions are referred 
to as the cojiection and delivery subsysterns. 

-The, key compontnt in the collection subsystem Is the col- 
lector. The basic function of the collector^ is to trap the sun's: 
energy. Figure 2 gives a detiiled view of a typical collector. 
The transparent cover plates made of glass or a suitable . 
plastic material allow the rays of the sun to pass into the 
CQllectori pnce Inside the collector, t^ sun's rays are ab* 

ksorbed by a blackenid metal absorber plate and trans- 
formed Into heat energy. On sunny days absorber^late t§nn-^ 
peratures can reach well over 200^ F, Insulation Is placed' 
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w >:s mdtr mm ilMiMbdr f Mo \q prdvent Mat IMI qM of IM bWK 
\ ^ v;^ ril^ OowrptttM pr#v#nt IM Ims of n#it 

;!\\'^ IMfii 4^ tdp sM# of thd^lldeto^Trioy perform! tito 8i^# 
' funerfkM tl^ giM in a grMiihouw. Hmi mtrgy Is rdinoyiid 

thfMgn'wMs In the aMa^r plaid er by piml^g ai r ovtr 
or Urtdii' tl^ sKseiirber p^Mf. The fieat krief gy sd^ nennM^ l§ 

enorgy steraiM tank near or in tht buljdlriB^ 
' ^ \ Thm m\mfgf stofag* tank, whioh may be fuM of a liquid aueh 
Vae vvMtr, ttenM the heat so that It may be withdrawri upon 
% ■ ^ Ndenand. The tranp^r of energy to the atoragii tank Is ac^om* 
^ ' pUstiacI by meim^f a heat ixohangir. ixamples of htat 
. ^emiaiiBtri Inowdt oolls of meta^ tubing, the radiators In 
%mtmcb\iWf mnd the JlnnedTadlstors In electric b&ywbatcd 
htfUM m\tB, Storage tanks and colteetQre are Mually Uied , 
to infile thNS ^^em to supply enough dnergy to luppert the 
bulldim heating and hot water requirernants lor a few eon- . 
^ seoutivs Qloudy days. 

The delivery iulsystem is divided Into t^m part^ one for 
providing heat tp the hot water tank aqd another for proii^ 
vidingjiaat to the building heating ^itern. When iither the 
dorn#eti€ |iot mter or heating §>^^ rdqirires lieat, hot 
water fronrt^the energy storage tank is punnped to a heat 
charigfr in the donTOStjo hot water tank or In the building 
duQts, Ste Figure 1. 

On oooasions when the temperature in|hd energy^ storage 
tank falls Mow the required tamperaturei perhaps due to 
Increaied demand for heat during i cold ipelt, an auxiliary 
heating unit luoh da a ftarnace or aleetrical rtslatance 
haater Is turned on to provwPthe needed energy. 

A hot water tink, conventional haatihg unitp duct work, 
and soma of the piping are already a pm of many bulldiriQs. 
Just the addition of ceNeotori, an Insulated energy storage 
tankt and isiyiated piping ire required for a sclar systdm. 
The actual pialenient of collectors and energy itorigt tanks 
in i given oise depends upon such factors isbuirdlng orl^ ^ 
entatlon, available space, and roof angles In addition toaes^ 
thetic faQtori. Figures 3 and 4 picturi solar collectors ^ 
placea on the roof of a comnnercial buiWirig and ahome^ 

Whmt Ixpect Prom a Solar Systetn Thire is a moat inn^ 
portant quaation to be answerad when designing a solar 
heating and iiot water system: How many square fettaf coU 
lector are required to. meet the energy netds of the build'* 



Figure 3. A Contmerelal Building With Solar Colloeters 
m the Roof. 




mm 




Ing? To answer this quastlon, ohirt indicating radknt 
anargy ayailablep aoildctsdp and required hiight bs preparad. 
Charts 1-12 were preparsd for a 1500 square foot houa© Id* 
cated In each Climatic Zona, For uoh month, an astimate 
of both the building haating and hot water energy require* 
menta hm been indicatad by the righthand bar. The iefthand 
bar Indicates the solir anergy which is available on the indh 
cated square footage of collectors tilted to an approprlata 
angle (approximately thm local latitude angle) along with the 
amount of this energy which typically can be collacted. 

Note that for the montha of Novenbsr through March the 
energy requiramenti are usually grsater than the solar 
energy colleotad. During the rest of tht year more energy is 
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* Thftrc it «ii#n||iily no hsating r«qvlr0f!isn! 
in thlt 2one^ 



collactad than needad and this excess tnergy ls then dis- 
earded. A flrtater proportlen of the winter heating needs 
could tie met by Installing more collector area; however, thii 

^ adds to the oost. Instead, it is usually mor© aconomioal to 
reduce the heating requlremefits by installing more insula- 
tion, storm window, and other intrgy conserving features, 
'irfnhe chart examples, between 56 and 85 percent of the 
yearly heating and hot-water energy requiremf nts are sup- 
plied by solar energy, Most iolar systems mm designed Jo 
supply between 56 and 80 peroent pf the yearly heating ahd 

' hot water energy requirements* * 
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TabM 3a Imrgy SupplM and Annyal Dollar Savingi 
(1S00 Squirt foot Building) 







Co^p9 risen ^Ith 


Compiriion with tleetMelly 


isnti 


Energy 
savings. 
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ef BTUs 


gallons 


Pollir 
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Equiva^ 

lent 
kifewatt * 


Dollar 
savingl at 
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cdst 


Celt 

pmf 
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1 6,000 
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74.6 
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1 1 
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40 
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The size of the ©nergy storage tank can vary widely. A ^ 
good rule of thumb is that in a system using water, abQut 
ly? gallons of itoragt capacity should be available for each 
square foot of collector used. For air systems which usually 
store energy In rocKs, a storage volume of about three (3) 
tirries that of a water syptem is used. Tables 2a and 2b out- 
line the approximate CQllector area and storage tank siza 
required to provide the indicated portion of the yearly heat- 
ing and hot water energy requlrenierits for buildings of 150O 
and 10,000 iquare feet located in each of the Climatic 
Zones, 

En#rgy Savings Bas^j upwn ihs cuHe^ior areas shown 
in Tabi©s 2a and 2b for tjjildiriya of 15O0 and 10,000 square 
feet and on the heating and hct waier energy requirements J 
for these byildings rn each Climdtic Zunes, the energy sav- 
ingi calculated are shoA^n in Tables 3a and 3b. 

Solar Systeni Conim anti P^Mir 8flVlngs TraJltlunalfy, ^ 
large number of iterris sold in the United States have been 
purchased on the basibOf initidl Cust with slight dttention to 
maintenance and operatiny costs Examples are homes., auto- 
mobiles, air conditioners, and heating systems With the rapid 
aicalation of fuel prices though^ tiie operating costs for 
energy consuining items fiave becgrrie very Important It is 



i I 

1 t> 



Tabls Sb^dlar Emrgy Supplied and Afinual Dollar 
Savlngli 

(10,000 Squarf Foet Bylldlng] 





Bnsriy 
iBvlngt, 
rnillloni 
of BTUi 




QCmpiriaon with eliQtrlalty 


Equivaient 
gsllong 


iavlngi *• 


tqul^a- 

l«nt 
kilowati 
heura 


Poliar 
savlnga at 

cost 


Cest 
pel' 
kWh 








- ' 1 








1 


272 


4,147 


1,359 


^ 109,000 


5,450 




2 


266 


1,98€ 


1,1 S5 


78,iO0 


3,530 


4,50 


3 


472 


5,262 


2,015 


138,300' 


&,220 


4J0 


4 


lae 


2,074 




S4,5O0 


2,180 


4# 


5 


128 


1.427 


571 


37,iO0 


1,310 


3,50 


6 


S87 


6,d44 


W18 


172,000 


6,020 


3J0 


7 


253 


2,821 


l!l2B 


74,1 OO 


2,594 


3.50 


8 


174 


1,S4Q 


776 


51 ,0OQ 


1J&4 


3.50 


9 


418 


4,660 


1,864 , 


1^2,500 


4,290 


3.50. 


MO 


242 


2,698 . 


1,079 


TOJOO 


1,420 


20 


11 


165 


1,839 . 


736 


^8.300 


1,S30 


40 


12 






t" 









' ThfifB ii eia#ntji|ly no heating rgquirj'ment (n this Zone 
*'6S% fyrnfics etfiGiincy at 4De/gall9n ^. 

now worth considering whether greater initial expense for a 
solar syitem which consumes esSi^fltWIy noe^tirnal fuel will 
result lr» savings in the long rijn. TpdaV's solar system costs 
art high bBcauae the solar induitry Ms not yit developed 
eost-rtducing, mass-productlDr methods. Yet, the operating 
costs of solar systems much lesi than the operating 
costs of conventional entrgy systems. 

Table 4 lists a range of prices ^ich a byildlng or home 
owner could expact to pay for thsTOlar systems shown In 
Tables 2a and 2b. These appro^imatt costs include design^ 
materials, and Installation of the eatirQ solar system. 

Even though the solar systems' costs in Table 4 are 
rather high, a number of factors tend to make the future of 
solar heating and hot water systems look good. These in- 
clude the rising prices of oil, gasiand electricity, and the 
expected decrease in solar systerW' costs as better produc- 
tiori techniques are developed. In additioni design and in- 
stallation costs vvlll decrease as experience in those areas 
is gained. 

How to Use this Pamphlet ific iupiiuwiriy ^xaniple is given 
In order to demonstrate h<j^ to use the information in this 
pamphl©t Suppose an owner lasldds in the Washington, 
D.C, area. According to Table i and the map on the inside 
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cover, Washington, D.C. and the- surrounding iptas ars in 
Climatic Zon« 2. Table 2a indieates that for a f 500 square 
foot home In Climatic Zont 2, 500 sqijara f€9t of coiieotor 
md a 750 gallon energy •^itprage tank will provide 72% of 
thi heating and hot yvater energy naadi. information 
in Table 3a indlQatts that for Cliniatic Zone 2, it is posaible 
to save 612 galions of oil anniially, vwhich is equivalint to 
$245 a.t 400/gallon, or 16,000 kilowatl-^ura^ of ^lictrlclty 
annually, which is equivalent to $720 at 4.5^/ kWh. Table 4 
indicates that the cost of the solar system wil^ b© In the 
range of $5,000 - $15,000, 



Table 4=Range of Solar Htating and Nat Wtfter System 
Costs For 1 ,S0O snci 1^0,0€0 Square Foot Buildingi 
Laaated In faah CllmdNc Eone, 





Range of Solar Syitem 


Range of Sald^ System 


Climatic 


Costs for a 1,500 Sguare 


Cosls_ for a io.jTO Squar© 


Zone 


Foot Home 


Foot Building 


1 


$8,0OC— 124,000 


iS3,QP0— 11 59,000 


2 


S5.0DC== $15,000 


$33,000 $ &t,mo 


3 


$8,000 — $24,0W 


$53,0CW-- $159,000 


4 


$3,000— S 9.000 


$20,000— $ eo.ooo 


5 


$2,000 — $ i,000 


$13,000-^ $ 39,000 


6 


$7^500 — $22,500 


$50,000=-= ilSO.OOO ' 


7 


$5,000— $15,000 


$33,0OC— 3 99,000 


8 


$2,000—$ 6,M0 


$13.^0— S 39,000 


9 


$6,000^-^ $18,000 


$40,OOC-- 3120.O0O 


10 


$5,000— $15,000 


'$33,QO€-= $ #9,000 


1 1 


$2,000—$ 6.000 


$13,000-^ t 39.000 ^ 


12 


1 450—$ 1.^50 





Role of the Federal Qoyernment The leddtf r, h&^e, has been 
provided with a basic understanding of solar heating and 
hot water systems. Because of the energy problems we arf 
facing in the United States, it is important that alternate 
energy sources are developed as rapidly as possible. The 
United States Energy Researcri and Development Admini- 
itration (ERDA) was created by Uongress for the purpose of 
insuring that this nation has adequate supplies of energy 
to meet our needs As part of its prograrn. ERDA Is pursuirig 
a vigorous program in the solar energy field. The overall 
goal of the Federal program is to ^tirriulate an industrial' and 
commercial capability for produuing and distri btJtirig solar 
heating and cooling systems, thus reducing th& der^and in 
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pr©Mnt fu©t supplies through widespfeid use of these sys- 
t©nns In risldential and commafeial buildings. Other govern- 
rnsnt agencies such as the Department of Housing and Ur- 
ban Development, The National Aeronautics and Space Ad- 
rrlniitratlonp the National Bureau of Standards, and the 
Federal Energy Administration are assisting E^A in its 
solar energy activitiei. ^ 

Furthtr rflfbfmation on th,e availability of solar hiatinfl and 
booUng equipment may be obtained from: 

Soli^finergy Industries Association 
10dl Connicticut Avenue, N,W. 
yVashington, D.C.- 20036 

The American Society of Heating, Refrigerating, and Air 
Conditioning Engineers (ASHRAE) can send you names and 
addresses of members of their Technical Committei on 
Solar Energy Utilization. Committee r^embers theniselves 
can help you plan fo^ a solar home heating system or refer 
you to other engineers in your area who can help. 

. ASHRAE 

Direclof of Research and Technical Services 
345 East 47th Street 
New York NY 10O17 

The INiational Association of Home BuiiUarb uan diau pro- 
vide advice on planning solar installations 

NAHB Research Foundatiufi inu 
P. 0 Box 1627 
Ruckvilid. MD 20b5O 

f 

DetaPluU hifup iiipllufi wii aptSulflu prDCJu. Lb hi a) Lg wUlcJhlcd 

ffurri iRDk 75 ^'Catalog en Solar Heating and Ouciing Pro- 
ducts", ord^r rujrnber ERDA 75 to2 ^01 0-00470-1 {S3. 80) This 
docunient rnay be ordered fion) , 

Supfei MitcnJent wl UUCuindnta 

Qovefnment Priniing Office 
WdshLnyturi-, D C 20402 

h .itallitions Gunsuit local diLJiiiBCttj dasigri engin._.erb, and 
fnembers of cha ArrstefiUdri Sijtt^ty uf Heatlny Refrigerating 
and Air GgnJitioning Ingi .t^e rb 



